Background 26 Around 14% of world dengue virus (DENV) cases occur in the Americas, the majority 27 of them in Brazil. Although socioeconomic, environmental and behavioral correlates 28 of dengue have been analyzed for different contexts, the role played by population 29 mobility on DENV epidemics, especially at the local level, remains scant. This study 30 assesses whether the daily pattern of population mobility is associated with DENV 31 transmission in Campinas, a Brazilian major city with over 1.2 million inhabitants in 32 São Paulo state. 33 Methodology/Principal Findings 34 DENV notifications from 2007 to 2015 were geocoded at street level (n=114,884) and 35 combined with sociodemographic and environmental data from the 2010 Population 36 Census. Population mobility was extracted from the Origin-Destination Survey 37 (ODS), carried out in 2011, and daily precipitation was obtained from satellite 38 imagery. Zero-Inflated Negative Binomial (ZINB) regression models controlled by 39 demographic and environmental factors revealed that high population mobility had a 40 substantial positive effect on higher risk for DENV transmission. High income and 41 residence in apartments were found to be protective against the disease, while 42 unpaved streets, number of strategic points (such as scrapyards and tire repair 43 shops), and precipitation were consistently risk factors for DENV infection.
Introduction 66
Despite the growing concern about other infectious diseases transmitted by Aedes 67 aegypti, such as Zika virus and chikungunya, dengue virus (DENV) remains a global comprises the city center. An OD name key is included in the supplementary material (S1 139  Table) . Figure created The spatial location of the cases was recorded at patients' residence addresses, and 156 the temporal detail was based on the date of the beginning of symptoms. Following 157 protocols from the Brazilian Ministry of Health [24] , the majority of cases were 158 diagnosed using the clinical-epidemiological criteria, and a small number of cases 159 were analyzed using serologic exams and virus isolation, which occurs especially for 160 more severe cases and deaths.
161
To assess if high mobility was associated with high dengue incidence, while 162 controlling for other correlates, we used information about population mobility in 163 Campinas information to be geocoded at the household level and included in the analysis.
258
Geocoding success was high, and varied from 90.0% in 2014 to 99.4% in 2009 ( Table   259 1). and 12 weeks, we found that the 8-weeks lag (two months) presented the highest 269 coefficient associated with the dependent variable (dengue incidence rate). The sum 270 of dengue cases and the accumulated precipitation lagged 8 weeks is presented in varied from the minimum 15 to the maximum 13,180. OD areas presented an average of 9.8 SPs, ranging from 0 to 65. Also, around 19% of all households were classified 277 as apartment, these types of residence were most common in the city center (up to 278 95%). On average, 7.21% of households in the municipality were located in unpaved 279 streets, varying substantially from one location to the other: from 0% in well-provided 280 OD units to nearly 60% of unpaved streets in others. Also, an average of 3.82%
281
households presented open sewage, ranging from 0% to more than 38% across the 282 different units of analysis. With regards to the intensity of transmission and of mobility (Table 3) , there were 287 8,778 OD-weeks (28.4% of the total) with higher proportion of dengue cases than 288 expected, while 637 OD-weeks were classified as High Areas (2.1% of the total), i.e. 289 with elevated incidence rates. Additionally, given the variable High Mobility uses the 290 median to divide the OD areas in terms of population mobility, areas with high and 291 low mobility are numerically identical, with 15,477 OD-weeks in each (50%). The spatial distribution of the total number of epidemiological weeks with high 296 incidence rates (Fig 3) shades of blue, from areas with no epidemiological week with high dengue incidence rates 310 to areas that registered the peak of 16 to 42 epidemiological weeks with high incidence rates 311
during the study period. Figure created As for the intensity of mobility, while the "most mobile" populations were apparently 320 widespread in Campinas, they mostly overlapped with "High Areas" distribution, 321 which beforehand suggested a link between population mobility and dengue 322 occurrence, as shown in Fig 4. The exception to this pattern is the city center, in 323 which we notice high mobility but no expressive records of dengue occurrence. mobility. Dengue incidence rates classified in 5 categories ranging from 49 to more than 330 56,000 cases per 100,000 persons, colored from light blue (lowest) to dark purple (highest 331 incidence rates). Figure created 
339
In assessing the role of population mobility, the complete model (Model 1, Tables 5 and 6 show stratified models by high and low epidemiological weeks associated with dengue incidence rates in periods of low transmission weeks and low 355 incidence areas (Models 3 and 5). The variable households in unpaved streets was 356 significantly correlated with dengue incidence rates in high transmission weeks and 357 areas (Models 2 and 4). Living in high mobility areas was consistently a risk a factor 358 for dengue incidence rates across all models. On average, living in a highly mobile 359 area increased dengue incidence rate in 46% and 69% during high transmission 360 weeks and in high transmission areas, respectively (Models 2 and 4). During low 361 transmission weeks and in low transmission areas, being part of a highly mobile 362 population increased by 26% and 35% dengue incidence rates, respectively (Models 363 3 and 5). Similarly to the complete model (Model 1), the mobility variable had the 364 largest association with dengue incidence across all stratified models. In Model 3, income per capita was protective against dengue fever, although not 378 significant. Sex ratio was a protection factor against the disease in all stratified 379 models, suggesting that more male residents are associated with a lower dengue 380 incidence rate -in Models 2 and 4, the increase of one male per 100 female residents 381 was accompanied by a decrease of 7% and 9% in the incidence rates, respectively.
382
With respect to SPs, Models 1 to 5 showed that the addition of one SP contributed to 383 an average increase of 3% in dengue incidence rates, with low variation across the 384 different models. Similarly, the increase in 1% of population living in apartments 385 reduced approximately 1% to 2% of dengue incidence rates on average across the 386 distinct models' stratification.
387
Population density did not differentiate residents across periods and areas with 388 distinct levels of transmission (Models 1 to 5). Likewise, the increase in the proportion 389 of households in each area with open sewage did not present substantial and 390 consistent impacts on dengue incidence rates.
391
Living in a high incidence area increased dengue rates by 3 times in high 392 transmission weeks (Model 2), while in low transmission weeks it increased rates by 393 8 times (Model 3). Conversely, during high transmission weeks living in high incidence areas increased dengue rates by 2 times (Model 4), while living in low 395 incidence areas the dengue incidence was increased by more than 15 times (Model 396 5). Consequently, living in high transmission areas was associated with a higher 397 increase in dengue incidence rates during low transmission weeks. On the other 398 hand, high transmission weeks were most positively associated with increases in 399 dengue incidence rates in low incidence areas. This study aimed at investigating whether the daily pattern of population mobility was 403 associated with DENV transmission in Campinas. Our results showed that population 404 mobility was the most important determinant of dengue incidence, regardless of 405 model specification.
406
While other studies have attempted to assess the role of population mobility, the 407 geographical scale was often coarser [38] [39] [40] [41] [42] [43] [44] . Our study advanced current 408 knowledge by showing that, at the local level, it was in the high incidence rate areas 409 and during high transmission weeks that population mobility exerted the most 410 expressive influence on DENV transmission. These results were consistent across 411 different model specification, and after controlling for socioeconomic and 412 environmental variables. While population mobility was a central element for DENV 413 epidemics to occur, we found that high mobility and high dengue incidence rates did 414 not perfectly overlap. For example, residents in the city center are highly mobile, but 415 the area was not associated with high DENV transmission. Our results suggested 416 that an explanation could be the type of housing, as the majority of the population in 417 the city center live in apartments, often considered a protective factor against the 418 DENV vector [45] [46] [47] . Residence in apartments was also a variable correlated with income in Campinas, as verticalization occurs more expressively in the city center, 420 which is also the region with the highest concentration of more affluent people. This 421 result corroborates previous findings of the role of income in DENV epidemics 422 [26, [48] [49] [50] [51] [52] [53] .
423
Although dengue seems to spread throughout the city, it is more prevalent in areas 424 with precarious socio-environmental conditions, corroborating previous studies 425 [13, 54, 55] . We found that DENV cases were more concentrated in -although not in an indirect way. For example, the 2014 epidemics occurred during a severe drought in Campinas [21] , which resulted in a behavior of storing water in buckets 445 (not always properly covered) at home, favoring the proliferation of breeding habitats.
446
There is still an open debate about the role played by sex ratio on dengue epidemics 447 [63] . We found that, on average, men have fewer infections, particularly in high 448 transmission weeks and areas (Models 2 and 4) . Nevertheless, these results should 449 be analyzed with caution. There is evidence that women usually seek health care 450 assistance more frequently, not necessarily meaning that they are more affected by 451 diseases, but, instead, that they tend to be more careful with their own wellness 452 [64, 65] . In Brazil, some studies found higher dengue notification among women 453 [66, 67] , and others showed no significant sex difference [68, 69] . In our data, from 454 2007 to 2015, 55% of patients that notified DENV cases were women while 45% were 455 men, while the 2010 Population Census indicates that 52% of the residents in 456 Campinas were women, and 48% were men [20] . This sex difference is important 457 because there is a distinct mobility pattern between males and females. The OD 458 Survey showed that women tended to have higher mobility within their area of 459 residence, and therefore travel smaller distances than men (S2 Table) . The extent to 460 which this pattern implies lower exposure to an infection depends on the 461 characteristics of the areas where they live and where they usually go.
462
Regarding Strategic Points, we found that the addition of one SP in an area tended 463 to increase the dengue incidence rate by 3%, a result consistent with previous 464 findings [26, 27] . Although there are clear guidelines on how to monitor SPs, including 465 mandatory inspection visits every fifteen days [24] , limited financial resources, skilled 466 professionals or even violence in an area can affect the regularity of these visits 467 [26, 54] .
468
This study has some limitations. First, the used spatial unit of analysis was not the 469 finest possible. However, given that the Origin-Destination Survey was conducted 470 based on a sample of the population of each area, the spatial units could not be 471 downsampled. Second, the flow of people traveling by air and by bus to other 472 municipalities outside the Metropolitan Region was not addressed in this analysis.
473
Yet, these travels represent a minor part in total daily travel, and thus are unlikely to 474 change our results. Third, as it is the case for any administrative record on DENV 475 infections, they capture only symptomatic cases (those that are registered by the 476 health facility); that's a limitation for any DENV study that relies on administrative 477 records. Fourth, although reporting of DENV is mandatory, some private facilities do 478 not fully report the occurrence of cases. Nevertheless, the private sector represents 479 a minority of cases, unlikely to bias the results. Fifth, this study did not contemplate 480 directions of population mobility in a more detailed time frame, restricting the 481 concomitant analysis with the variation of DENV in space and time.
482
In this study, we analyzed a massive amount of DENV data, geocoded to patient's 483 residence addresses, in a detailed time-frame, for 9 consecutive years. Our results 484 provided insights about DENV occurrence in a large urban center, suggesting 485 patterns that could be similar in other large cities in Brazil, and also in Latin America.
486
Most importantly, we shed light on the role that mobility plays on DENV transmission 487 in a large city, which points to the need to improve surveillance mechanism to account 488 for mobility patterns. This study was financed by Conselho Nacional de Desenvolvimento Científico e 496 Supporting Information S1 
